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INTERCONNECTING POWER GENERATION SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
5 [0001] 

This invention relates to an interconnecting power generation 
system and, more particularly , to an interconnecting power 
generation system for supplying electrical power to an 
interconnecting load in conjunction with a utility power 
10 system. 

2. Description of the Related Art 
[0002] 

In general, an interconnecting power generation system 
comprises an inverter apparatus for converting a DC output of 

15 a solar power generation system for example as a DC power source 
into an AC output and linking the DC power source to an AC utility 
power supply. A control unit for controlling the inverter 
apparatus has a detection circuit for detecting the phase 
voltage of the utility power supply, a detection circuit for 

20 detecting the output current of the inverter apparatus, an 
arithmetic circuit for calculating the error between signals 
indicating the phase voltage of the utility power supply and 
the output current of the inverter apparatus detected by the 
respective detection circuits, and a driver circuit for 

25 controlling the switching of the inverter apparatus based on 
the output of the arithmetic circuit, and makes the output 
current outputted from the current-controlled inverter 
apparatus follow the phase voltage signal of the utility power 
supply so that a sine wave current coincident in phase with the 

30 voltage of the utility power supply can be outputted. The 
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interconnecting power generation system thereby converts 
electrical power generated by a solar cell into AC electrical 
power for example. 
[0003] 

5 However, in order to interrupt power supply in a utility power 
system intentionally for maintenance or inspection, a switch 
upstream of the power outage section must be opened to interrupt 
the power supply to the section. When an interconnecting power 
generation system described as above is installed in or 

10 connected to the power outage section, it is necessary to detect 
the power outage and open a switch interposed between the 
interconnecting power generation system and the utility power 
system to isolate the interconnecting power generation system 
from the utility power system. 

15 [0004] 

When an abnormality in the utility power supply such as an 
over-frequency or under-f requency condition is detected, the 
interconnecting power generation system must be isolated from 
the utility power system by opening the switch. 
20 [0005] 

Moreover, in an interconnecting power generation system 
comprising a turbogenerator, at the moment when the 
interconnecting power generation system is isolated from the 
utility power system, the generator is put into a no-load 
25 operating condition to the rotational speed of the turbine 
rapidly increase to exceed the absolute rated speed, resulting 
in damage to the turbine or the auxiliaries. 
[0006] 

The present invention has been made in view of the above 
30 circumstances and it is, therefore, an object of the present 
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invention to provide an interconnecting power generation system 
which can detect an abnormality in the utility power supply and 
can be isolated from the utility power system and can prevent 
damage to a turbogenerator. 

5 

SUMMARY OF THE INVENTION 

[0007] 

To achieve the above object, according to a first aspect of 
the invention, as shown for example in Fig. 1, there is provided 

10 an interconnecting power generation system 1 connected in 
parallel to a utility power system 10 for supplying electrical 
power to an interconnecting load 12, comprising: an 
interconnecting inverter 14 for linking generated electrical 
power to the utility power system 10; a voltage phase shift 

15 circuit 20 which synchronizes the output voltage phase of the 
interconnecting inverter 14 with the utility power voltage 
phase and monitors zero crossings of the utility power voltage, 
namely points at which the utility power voltage (alternating 
voltage waveform) crosses the zero-volt line, and which, when 

20 a predetermined number of zero crossings have been detected or 
when a zero crossing of the utility power voltage is detected 
after an internal timer has reached a predetermined period of 
time, with the zero crossing timing as a starting point, shifts 
the output voltage phase from the utility power voltage phase 

25 during one cycle and shifts the shifted output voltage phase 
to the utility power voltage phase during the following cycle; 
a circuit breaker 22 for shutting off the output of the 
interconnecting inverter 14 from the utility power system 10; 
a phase comparator 24 for comparing the voltage phase of the 

30 utility power system 10 and the output voltage phase of said 
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interconnecting inverter 14; and an interconnection control 
unit 30 which detects a power outage caused by an interruption 
of power supply from the utility power system 10 based on a series 
of a predetermined number of matching signals outputted from 
5 the phase comparator 24 and sends a control signal to the circuit 
breaker 22 to shut off the output of the interconnecting 
inverter 14 from the utility power system 10. Further, the phase 
is shifted reliably for a period of two cycles of an advanced 
phase and a delayed phase, with the zero crossing timing as a 

10 starting point. Thus, when a power outage in the utility power 
system occurs, for example, in contrast to the case where the 
phase is shifted to be advanced only for one cycle, which may 
result i-n _ t>he phase not to be shifted if the phase is oppositely 
shifted to be delayed according to the load condition and may 

15 result in the inability to detect the power outage, the 
interconnection control unit 30 can detect the power outage 
irrespective of the load condition using the comparison result 
of the phases during the period of two cycles of the advanced 
phase and the delayed phase. Namely, the interconnection 

20 control unit 30 can detect certainly the power outage in the 
second cycle even if the phase is delayed according to the load 
condition. 
[0008] 

In the interconnecting power generation system configured in 
25 this way, the interconnection control unit 30 can detect a power 
outage caused by an interruption of power supply from the 
utility power system 10 based on a series of the predetermined 
number of matching signals outputted from the phase comparator 
24 and send a control signal to the circuit breaker 22 to shut 
30 off the output of the interconnecting inverter 14 from the 



utility power system 10. 
[0009] 

To achieve the above object ,• according to a preferred 
embodiment of the first aspect, there is provided an, wherein, 
5 as shown for example in Fig. 1, when no matching signal is 
outputted from the phase comparator 24 within a period during 
which the output voltage phase is to be matched with the utility 
power voltage phase, the interconnection control unit 30 
detects variations in the frequency of the utility power system 
10 10 and sends a control signal to the circuit breaker 22 to shut 
off the output of the interconnecting inverter 14 from the 
utility power system 10. 
[0010] 

In the interconnecting power generation system configured in 
15 this way, the interconnection control unit 30 can detect 
variations in the frequency of the utility power system 10 and 
can shut off the output of the interconnecting inverter from 
the utility power system 10 by sending a control signal to the 
circuit breaker 22. 
20 [0011] 

To achieve the above object, according to a second aspect of 
the invention, as shown for example in Fig. 1, there is provided 
an interconnecting power generation system 1 connected in 
parallel to a utility power system 10 and for supplying 

25 electrical power to an interconnecting load 12, comprising: a 
turbogenerator 32 for generating electrical power, an 
interconnecting inverter 14 for linking electrical power 
generated by the turbogenerator 32 to the utility power system 
10; a voltage phase shift circuit 20 which synchronizes the 

30 output voltage phase of the interconnecting inverter 14 with 
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the utility power voltage phase and monitors zero crossings of 
the utility power voltage, and which, when a predetermined 
number of zero crossings have been detected, shifts the output 
voltage phase from the utility power voltage phase during one 
5 cycle and shifts the shifted output voltage phase to the utility 
power voltage phase during the following cycle; a circuit 
breaker 22 for shutting off the output of the interconnecting 
inverter 14 from the utility power system 10; a phase comparator 
24 for comparing the voltage phase of the utility power system 

10 10 and the output voltage phase of the interconnecting inverter; 
and an interconnection control unit 30 which detects a power 
outage caused by an interruption of power supply from the 
utility power system 10 based on a series of a predetermined 
number of matching signals outputted from the phase comparator 

15 24 and sends a control signal to the circuit breaker 22 to shut 
off the output of the interconnecting inverter 14 from the 
utility power system 10, and which decreases the rotational 
speed of the turbogenerator 32 to a predetermined speed during 
the period between the detection of the power outage and the 

20 shutoff of the utility power system 10. 
[0012] 

In the interconnecting power generation system configured in 
this way, the interconnection control unit 30 can detect a power 
outage caused by an interruption of power supply from the 

25 utility power system 10 based on a series of the predetermined 
number of matching signals outputted from the phase comparator 
24 and send a control signal to the circuit breaker 22 to shut 
off the output of the interconnecting inverter 14 from the 
utility power system 10, and can decrease the rotational speed 

30 of the turbogenerator 32 to the predetermined speed during the 
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period between the detection of the power outage and the shutof f 
of the utility power system 10. 
[0013] 

To achieve the above object, according to a preferred 
5 embodiment of the second aspect, there is provided an 
interconnecting power generation system 1, wherein, as shown 
for example in Fig. 1, the turbogenerator 32 recharges a battery 
38 within the predetermined period of time in response to the 
shutof f command. 
10 [0014] 

To achieve the above object, according to a third aspect of 
the invention, as shown for example in Fig. 1, there is provided 
an interconnecting power generation system 1 connected in 
parallel to a utility power system 10 and for supplying 

15 electrical power to an interconnecting load 12, comprising: a 
turbogenerator 32 for generating electrical power, an 
interconnecting inverter 14 for linking electrical power 
generated by the turbogenerator 32 to the utility power system 
10; a voltage phase shift circuit 20 which synchronizes the 

20 output voltage phase of the interconnecting inverter 14 with 
the utility power voltage phase and monitors zero crossings of 
the utility power voltage, and which, when a predetermined 
number of zero crossings have been detected, shifts the output 
voltage phase from the utility power voltage phase during one 

25 cycle and shifts the shifted output voltage phase to the utility 
power voltage phase during the following cycle; a circuit 
breaker 22 for shutting off the output of the interconnecting 
inverter 14 from the utility power system 10; a phase comparator 
24 for comparing the voltage phase of the utility power system 

30 10 and the output voltage phase of the interconnecting inverter; 
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and an interconnection control unit 30 which detects a power 
outage caused by an interruption of power supply from the 
utility power system 10 based on a series of a predetermined 
number of matching signals outputted from the phase comparator 
5 24 and sends a control signal to the circuit breaker 22 to shut 
off the output of the interconnecting inverter 14 from the 
utility power system 10, and which sends a shutoff command to 
the turbogenerator 32 to stop the operation of the 
turbogenerator 32 after allowing the turbine 36 to rotate at 
10 the rated rotational speed for a predetermined period of time, 
[0015] 

In the interconnecting power generation system configured in 
this way, the interconnection control unit 30 can detect a power 
outage caused by an interruption of power supply from the 

15 utility power system 10 based on a series of the predetermined 
number of matching signals outputted from the phase comparator 
24 and send a control signal to the circuit breaker 22 to shut 
off the output of the interconnecting inverter 14 from the 
utility power system 10, and can send a shutoff command to the 

20 turbogenerator 32 to stop the operation of the turbogenerator 
32 after allowing the turbine 36 to rotate at the rated 
rotational speed for the predetermined period of time. 
[0016] 

To achieve the above object, according to a preferred 
25 embodiment of the third aspect, there is provided an, wherein, 
as shown for example in Fig. 1, the turbogenerator 32 recharges 
a battery 38 within the predetermined period of time in response 
to the shutoff command. 
[0017] 

30 This application is based on the patent Application 
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No. JP-2002-357778, filed on Dec. 10, 2002 in Japan, the content 
of which is incorporated herein, as part thereof. 

Also, the invention can be fully understood, referring to 
the following description in details. Further extensive 
5 applications of the invention will be apparent from the 
following description in details. However, it should be noted 
that the detailed description and specific examples are 
preferred embodiments of the invention, only for the purpose 
of the description thereof. Because it is apparent for the 

10 person ordinary skilled in the art to modify and change in a 
variety of manners, within the scope and spirits of the 
invention. The applicant does not intend to dedicate any 
disclosed embodiments to the public, and to the extent any 
disclosed modifications or alterations may not literally fall 

15 within the scope of the claims, they are considered to be part 
of the invention under the doctrine of the equivalents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

20 Fig. 1 is a block diagram of an interconnecting power 
generation system according to the first embodiment of the 
present invention . 

Fig. 2 is a waveform graph showing the output of the 
interconnecting power generation system according to the first 

25 embodiment of the present invention. 

Fig. 3 is a flowchart illustrating passive independent 
operation detection of the interconnecting power generation 
system according to the first embodiment of the present 
invention. 

30 Fig. 4 is a flowchart illustrating active independent 
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operation detection of the interconnecting power generation 
system according to the first embodiment of the present 
invention. 

Fig. 5 is a graph for illustrating the operation of the 
5 interconnecting power generation system according to the second 
embodiment of the present invention. 

Fig. 6 is a graph for illustrating the operation of the 
interconnecting power generation system according to the third 
embodiment of the present invention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0019] 

Description will be hereinafter made of the embodiments of 
the present invention with reference to the illustrated 

15 examples. Fig. 1 through Fig. 6 are drawings for illustrating 
the embodiments for carrying out the invention. In the drawings, 
those sections with the same or similar reference numerals 
indicate the same or equivalent items and redundant 
descriptions are omitted. 

20 [0020] 

Fig. 1 is a block diagram of an interconnecting power 
generation system according to a first embodiment of the present 
invention. An interconnecting power generation system 1 
comprises a rectifier 42 connected to a stator winding 40 of 

25 a turbogenerator 32, an interconnecting inverter 14 connected 
to the rectifier 42 via a DC bus 45, a smoothing capacitor 43 
connected in parallel to the DC bus 45, a battery 38 as 
electricity storage means connected to the DC bus 45 via a DC/DC 
converter 44 as DC voltage converting means, a circuit breaker 

30 22 connected to the output of the interconnecting inverter 14, 
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and a control unit 2 connected individually to the circuit 
breaker 22, an AC power line 4 6, the interconnecting inverter 
14, and the turbogenerator 32 for controlling the 
interconnecting power generation system 1. 
5 [0021] 

The control unit 2 comprises a phase comparator 24 connected 
to the AC power line 46, a zero crossing monitor 16 connected 
to the AC power line 46, a phase locked loop circuit (PLL) 49 
as phase synchronization loop means connected to the zero 

10 crossing monitor 16, a clock circuit 50 connected to the PLL 
49, a voltage phase shift circuit 20 connected to the zero 
crossing monitor 16 via a counter 18 and connected to the clock 
circuit 50, a sine wave generating circuit 51 connected to the 
voltage phase shift circuit 20, a pulse width modulation circuit 

15 52 having an input connected to the sine wave generating circuit 
51 and an output (or outputs) connected to the interconnecting 
inverter 14 and connected to the phase comparator 24, and a 
control section 30 as an interconnection control apparatus 
having an input connected to the phase comparator 24 and an 

20 output (or outputs) for outputting a circuit breaker control 
signal to the circuit breaker 22 through a line 28 and a turbine 
control command to the turbogenerator 32 through a line 34. 
[0022] 

The turbogenerator 32 has a gas turbine 36 to which a permanent 
25 magnet rotor (connected to the turbogenerator 32) is commonly 
connected and which is rotated by combustion gas generated by 
burning fuel with air, a stator winding 40 surrounding the 
permanent magnet rotor connected to the gas turbine 36, and an 
exhaust port 41 for discharging the combustion gas. 
30 [0023] 
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Description will be made of the operation of the 
interconnecting power generation system 1 with reference to the 
block diagram of Fig. 1. The interconnecting power generation 
system 1 is connected in parallel to a utility power system 10 
5 via the AC power line 4 6 and supplies AC electrical power with 
voltage and frequency of, for example, 400V/50Hz, 200V/50Hz, 
or 100V/50Hz to an interconnecting load 12. It is needless to 
mention that the voltage and frequency of the AC electrical 
power can be adjusted to those of the electrical power supplied 
10 in the region where the interconnecting power generation system 
1 is installed. 
[0024] 

When the turbogenerator 32 receives a start command from the 
control section 30 through the line 34, DC electrical power is 
15 supplied from the battery 38 to a start inverter (not shown) , 
which applies AC electrical power to the stator winding 40 to 
generate torque in the permanent magnet rotor to start the gas 
turbine 36. 
[0025] 

20 When the supply of fuel and air and the ignition condition 
are controlled and the gas turbine 36 establishes self- 
operation, the start inverter is shut off from the stator 
winding 40 and supplies three-phase AC electrical power to the 
rectifier 42 connected to the stator winding 40. 

25 [0026] 

The rectifier 42 supplies DC electrical power to the DC bus 
45 connected to its output charging the smoothing capacitor 43 
connected in parallel to the DC bus 45 to stabilize the potential 
of the DC bus 45. The rectifier 42 also supplies DC electrical 
30 power to the interconnecting inverter 14 through the DC bus 45. 
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In this case, the DC electrical power supplied from the 
rectifier 42 may be boosted by a DC/DC converter (not shown) 
may be supplied to the interconnecting inverter 14. 
[0027] 

5 The interconnecting inverter 14 has three pairs of IGBT 
(Insulated Gate Bipolar Transistor) switching transistors 
which are driven complementarily , and generates pulse- 
width-modulated sine wave AC voltage which follows the voltage 
phase of the utility power system 10 by switching on/off the 
10 DC voltage supplied from the DC bus 4 5 with a pulse width 
modulation (PWM) control signal. 
[0028] 

The phase comparator 24 and the zero crossing monitor 16 are 
connected in parallel to the AC power line 46. When the circuit 

15 breaker 22 is on state (closed) , the phase comparator 24 detects 
the voltage phase of the utility power system 10 which appears 
in the AC power line 4 6 and receives an output signal for driving 
the interconnecting inverter 14 from the pulse width modulation 
circuit 52. The phase comparator 24 compares the detected 

20 voltage phase of the utility power system 10 and the output 
signal from the interconnecting inverter 14 and compare the 
output voltage phase of the interconnecting inverter 14 and the 
voltage phase of the utility power system 10 in a pseudo mariner. 
The comparison result and a voltage phase signal of the AC power 

25 line 4 6 are outputted to the control section 30 through a line 
26. 

[0029] 

The control section 30 controls the whole interconnecting 
power generation system 1. The control section 30 can prevent 
30 the interconnecting power generation system 1 from operating 
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independently since the control section opens (shuts off) the 
circuit breaker 22 by sending a control signal to the circuit 
breaker 22 through the line 28 to isolate the interconnecting 
inverter 14 from the utility power system 10 when the voltage 
5 phase of the utility power system 10 is determined to have a 
frequency which exceeds or falls short of the frequency of the 
output voltage phase of the interconnecting inverter 14 by 
approximately 2% or greater based on the comparison result by 
the phase comparator 24. 
10 [0030] 

For example, when no matching signal (or disagreement signal) 
is outputted from the phase comparator 24 within a period when 
the voltage phase of the utility power system 10 is to be matched 
with the output voltage phase of the interconnecting inverter 

15 14 or when no matching signals (or disagreement signals) are 
outputted for a predetermined number of times in sequence, the 
control section 30 determines that the frequency of the voltage 
of the utility power system 10 is excessively high or low, and 
opens ( shuts off) the circuit breaker 22 to isolate the 

20 interconnecting inverter 14 from the utility power system 10. 
The interconnecting power generation system 1 configured in 
this way can be thus isolated within at most several hundreds 
ms, preferably within 0.2 seconds. 
[0031] 

25 When the circuit breaker 22 is on and the output voltage phase 
of the interconnecting inverter 14 is same with the voltage 
phase of the utility power system 10, the zero crossing monitor 
16 monitors zero crossings of the voltage phase of the AC power 
line 46 via a line 47. 

30 [0032] 
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The zero crossing monitor 16 monitors the zero crossing timing 
at which the voltage waveform of the AC power line 4 6 passes 
a reference potential (ground potential) and outputs a zero 
crossing detection signal to the counter 18 every time it 
5 detects a zero crossing. Counting the zero crossing detection 
signals allows determining one cycle of the voltage waveform 
of the AC power line 46. For example, three zero crossing 
detection signals can be counted as one cycle of a sine wave 
voltage waveform. 
10 J0033] 

The zero crossing monitor 16 sends a waveform signal to the 
PLL 49 through the line 48. The PLL 49 is an electronic circuit 
for making the frequency of an output signal to coincide with 
the frequency of an input signal or a reference frequency. For 

15 example, the PLL 49 detects the phase difference between the 
input signal and the output signal and generates a signal having 
a frequency accurately synchronized with the frequency of the 
input signal or the reference frequency by controlling a VCO 
(an oscillator that controls the frequency according to the 

20 voltage) or a loop of its internal circuit. 
[0034] 

The voltage phase shift circuit 20 is configured to divide 
the frequency of the clock circuit 50 so that it can make the 
output voltage phase of the interconnecting inverter 14 

25 coincide with the voltage phase of the utility power system 10 
according to the output of the PLL 49. The voltage phase shift 
circuit 20 also receives a voltage phase shift signal from the 
counter 18 when it has counted a predetermined number of zero 
crossings or when it has counted a zero crossings after an 

30 internal timer (not shown) has reached a predetermined period 
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of time. In response to the voltage phase shift signal, the 
voltage phase shift circuit 20 changes the frequency division 
ratio of the clock circuit 50 (delays or advances the phase of 
the clock) , with the zero crossing timing as a starting point, 
5 and outputs a changed clock signal to the sine wave generating 
circuit 51. 
[0035] 

The sine wave generating circuit 51 sends a sine wave with 
a shifted voltage phase to the pulse width modulation circuit 
10 52. The pulse width modulation circuit 52 drives the 
interconnecting inverter 14 to shift the output voltage phase 
from the voltage phase of the utility power system 10. 
[0036] 

For example, the voltage phase shift circuit 20 receives a 
15 voltage phase shift signal from the counter 18 every 100 ms and 
sets the frequency division ratio of the clock circuit 50 with 
the zero crossing timing as a starting point to cause a phase 
delay (minus phase shift) in response to the voltage phase shift 
signal. After the output voltage phase of the interconnecting 
20 inverter 14 has been shifted during one cycle, the voltage phase 
shift circuit 20 resets the frequency division ratio of the 
clock circuit 50 to cause a phase advance (plus phase shift) 
to return the output voltage phase to the initial state, whereby 
one phase shifting operation is completed. 
25 [0037] 

When the utility power system 10 is normal during the frequency 
shifting operation, the impedance of the utility power system 
10 is so low that changes in the output voltage phase of the 
interconnecting inverter 14 do not affect the voltage phase of 
30 the AC power line 46. Thus, the phase comparator 24 does not 
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detect the shift in the voltage phase. 
[0038] 

On the other hand, in case that the utility power system 10 
is interrupted, even when the power outputted from the 
5 interconnecting inverter 14 and the power consumed by the 
interconnecting load 12 are balanced, including active power 
and reactive power, the shifted output voltage phase from the 
interconnecting inverter 14 appears as it is in the AC power 
line 46 with the interconnecting load 12. Thus, the control 

10 section 30 can compare the voltage phase received from the phase 
comparator 24 with the normal output voltage phase to detect 
a change in the voltage phase. In this case, the phase shift 
amount is determined based on the time difference in the zero 
crossing timing of the voltage phase. 

15 [0039] 

Namely, the phase is shifted reliably for a period of two 
cycles of an advanced phase and a delayed phase, with the zero 
crossing timing as a starting point. Thus, when a power outage 
in the utility power system occurs, for example, in contrast 

20 to the case where the phase is shifted to be advanced only for 
one cycle, which may result in the phase not to be shifted if 
the phase is oppositely shifted to be delayed according to the 
load condition and may result in the inability to detect the 
power outage, the interconnection control unit 30 can detect 

25 the power outage irrespective of the load condition using the 
comparison result of the phases during the period of two cycles 
of the advanced phase and the delayed phase. 
[0040] 

Thus, when the delayed or advanced voltage phase is detected 
30 during the period of two cycles, it is determined that the power 
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supply is interrupted and a circuit breaker control signal is 
sent through the line 28 to open the circuit breaker 22, whereby 
the interconnecting power generation system 1 can be isolated 
from the utility power system 10. Thus, it is possible to 
5 prevent independent operation of the interconnecting power 
generation system 1. 
[0041] 

Since the counter 18 outputs a voltage phase shift signal every 
100 ms, it may be determined that the power supply is interrupted 

10 when the delayed or advanced voltage phase appear during the 
period of two cycles are detected at least twice in a row. The 
interconnecting power generation system 1 can be isolated 
within at most several hundreds ms, preferably within 0.5 
seconds in this way. 

15 In the description above, the delayed or advanced voltage 
phase is detected during the period of two cycles. However, 
the phase difference may also be detected for a period of one 
half or full cycle (in this case, the phase difference can be 
detected during the cycle in which the phase is changed into 

20 the same direction as the direction of the phase change 
according to the load state predetermined or in which the phase 
change according to the load state is little, for example) . 
Instead, an increase or decrease in the frequency which may 
occur during the period of two cycles may be detected for 

25 achieving the same effect. Although description has been made 
above of a method in which the phase is shifted over two cycles, 
it will be appreciated that another method may be used for 
achieving the same effect in which the phase is shifted over 
more than two cycles for the detection. The order of the 

30 advanced and delayed phases during the period of two cycles may 
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be reversed. 
[0042] 

Although the interconnecting power generation system is 
configured using a hardware logic as described above in this 
5 embodiment , the present invention is not limited to the above 
configuration- For example, the same effect can be obtained 
when the phase comparison, zero crossing monitoring, pulse 
width modulation and digital PLL are performed by software 
processing using a microcomputer or a digital signal processor 
10 and the processing operation is performed after converting the 
voltage phase of the AC power line 46 into a digital signal by 
an A/D converter (not shown) . 
[0043] 

When the control section 30 detects any one of an under- 
15 frequency or over-frequency condition or a power outage, the 
control section 30 sends a turbine control command through the 
line 34 to decrease the rotational speed of the gas turbine 36. 
Since the gas turbine 36 is operated at a rotational speed which 
is lower than the rated speed, the rotational speed of the gas 
20 turbine 36 does not increase to the absolute rated speed with 
the turbogenerator 32 at no-load condition even when the circuit 
breaker 22 is opened immediately after (approximately 0 . 2 to 
0.5 seconds after) the detection to isolate the interconnecting 
power generation system 1 from the utility power system 10. 
25 [0044] 

The control section 30 also sends a shutoff command to the 
turbogenerator 32 through the line 34 to control the rotational 
speed of the gas turbine 36 to be returned to the rated speed. 
Then, the control section 30 allows the gas turbine 36 to rotate 
30 at the rated speed for a predetermined period of time and then 
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stops the operation of the turbogenerator 32. Since the 
rotational speed of the gas turbine 36, which have once 
increased because of the no-load operation, returns to the rated 
speed, the circuit breaker 22 can be closed (turned on) to link 
5 the interconnecting power generation system 1 with the utility- 
power system 10 again when the normal power supply is restored 
after a short period of work during the power outage. 
[0045] 

When the power outage continues and the work during the power 
10 outage continues until after the predetermined period of time 
has elapsed, the turbogenerator 32 is stopped leaving the 
circuit breaker 22 opened (turned off) . Thus, the auxiliaries 
can be completely cooled down. 
[0046] 

15 When the control section 30 detects any one of an over- 
frequency or under-f requency condition or a power outage, the 
control section 30 controls the battery 38 to be charged from 
the DC bus 45 through the DC/DC converter 44. The charging time 
of the battery 38 is preferably set to a period of any length 

20 by the time the turbogenerator 32 is stopped. 
[0047] 

Fig. 2 is a waveform graph showing the output of the 
interconnecting power generation system 1 according to the 
first embodiment of the present invention. The 

25 interconnecting power generation system outputs a voltage 
waveform 56 from the interconnecting inverter to the AC power 
line 46. The voltage waveform 56 shown by a solid line in the 
graph indicates any one of three-phase AC outputs (u, v, w) . 
The voltage waveform 56 shown by a broken line indicates a normal 

30 AC waveform (non-shifted waveform) . 
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[0048] 

The control section 30 (see Fig. 1) receives a shift signal 
57 from the counter 18 and monitors the comparison result 
between the phase of the voltage waveform from the 
5 interconnecting inverter 14 shown by a solid line and that of 
the utility power system voltage waveform shown by a broken line . 
The voltage phase shift circuit 20 (see Fig. 1) synchronizes 
the frequency F-Hz and phase of the voltage waveform 56 as the 
output of the interconnecting inverter 14 with the frequency 

10 and phase of the utility power voltage and monitors zero 
crossings of the utility power voltage. When a predetermined 
number of zero crossings, ten zero crossings in the case of 50 
Hz, for example, are detected or when a zero crossing is detected 
after the internal timer has reached 100 ms, for example, with 

15 the zero crossing as a starting point, the voltage phase shift 
circuit 20 delays the output voltage phase of the voltage 
waveform 56 within one cycle (20 ms) (which results in the 
frequency thereof to be shifted from the frequency F of the 
utility power voltage to the frequency (F + Af ) ) . Then, the 

20 voltage phase shift circuit 20 advances the output voltage phase 
of the voltage waveform 56 within the next one cycle (20 ms) 
(which results in the frequency thereof to be shifted from the 
frequency F of the utility power voltage to the frequency (F 
- Af ) ) . In this way, the control section 30 can perform 

25 frequency shifting , which results from the phase shifting 
starting every 100 ms at the zero crossing point. The period 
of two cycles starting at the zero crossing point, during which 
the phase of the voltage waveform is changed, will be referred 
to as frequency shifting period. 

30 [0049] 
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The illustrated voltage waveform 56 is synchronized with the 
frequency F of the utility power voltage except for the 
frequency shifting period . A frequency shifting period is 
started at a zero crossing point 55 which appears immediately 
5 after the falling edge 58 of the shift signal 57 and the frequency 
of the voltage waveform 56 is increased by Af (Hz) . During the 
frequency shifting period, the shift signal 57 is activated and 
a zero crossing point 53 which appears one cycle after the zero 
crossing point 55 is detected, and data on the shifted waveform 

10 with the increased frequency is captured. Since the voltage 
waveform 56 shown by a solid line is advanced in phase with 
respect to the normal voltage waveform shown by a broken line, 
the utility power system 10 is interrupted and the AC power line 
46 is also interrupted. When the phase shift of the zero 

15 crossing point 53 is detected, the control unit 2 can control 
the circuit breaker 22 to be opened. 
[0050] 

Then, the frequency of the voltage waveform 56 is decreased 
by Af (Hz) at the zero crossing point 53 to return it to the 

20 normal frequency F. A zero crossing point 54 which appears one 
cycle after the zero crossing point 53 is detected and data on 
the shifted waveform with the decreased frequency is captured. 
The frequency F of the voltage waveform 56 at this point of time 
is synchronized with the utility frequency. 

25 [0051] 

A frequency shifting period as described above is started 
again in response to a falling edge 58a which deactivates the 
shift signal 57, which has been activated, 100 ms after the 
falling edge 58 of the shift signal 57. Likewise, data on the 
30 shifted waveform with the increased frequency is captured at 
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a zero crossing point 53a to detect a power outage in the AC 
power line 46. In this embodiment, the circuit breaker 22 may 
be opened not at the first detection of the power outage but 
in response to the second detection of the power outage. By 
5 detecting power outages in sequence as described above, there 
can be provided an interconnecting power generation system with 
high reliability which can avoid independent operation. 
[0052] 

Then, in order to return the frequency of the voltage waveform 
10 56 to the normal frequency F, the frequency of the voltage 
waveform 56 is decreased by Af (Hz) at the zero crossing point 
53a. A zero crossing point 54a which appears one cycle after 
the zero crossing point 53a is detected and data on the shifted 
waveform with the decreased frequency is captured. The 
15 frequency F of the voltage waveform 56 at this point of time 
is synchronized with the utility frequency. Then, a frequency 
shifting period can be started in response to a falling edge 
58b of the shift signal 57 100 ms after the falling edge 58a. 
[0053] 

20 Although the voltage waveform 56 has been described above as 
a waveform at the time of a power outage shown by a solid line, 
when the utility power system 10 is normally supplying 
electrical power, the frequency of the voltage waveform 56 in 
the AC power line 4 6 is changed to the frequency of the voltage 

25 waveform shown by a broken line even if a shifted voltage 
waveform is outputted from the interconnecting inverter 14. 
[0054] 

Fig. 3 is a flowchart illustrating passive independent 
operation detection of the interconnecting power generation 
30 system according to the first embodiment of the present 
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invention. When proceeding from the start step to the step 60 , 
the interconnecting power generation system performs passive 
independent operation detection. When completing the 
independent operation detection, the process proceeds to the 
5 step 61 , where the interconnecting power generation system 
performs active independent operation detection. At the step 
61, it is determined whether the detected frequency of the 
voltage which appears in the AC power line 4 6 during the 
frequency shifting period is higher or lower than the reference 
10 frequency. For example, when the utility frequency is 50 Hz 
and the frequency shift amount is set to 1 Hz, an over-frequency 
or under-frequency can be detected with a detection level of 
±2%. 
[0055] 

15 If the determined result is negative (NO) , the process 
proceeds to the step 62, where an active timer is initialized 
(reset to zero) . Then, the process proceeds to the step 63, 
where the process is ended. If the determined result is 
positive (YES), the process proceeds to the step 64, where it 

20 is determined whether or not an active detection time has 
elapsed. 
[0056] 

When the detection time has elapsed, namely when the 
determined result is positive (YES) , the process proceeds to 

25 the step 65, where passive independent operation is detected 
and the circuit breaker 22 is opened. Then, the process 
proceeds to the step 63, where the process is ended. When the 
determined result is negative (NO) at the step 64, the process 
proceeds to the step 66, where the active timer is incremented. 

30 Then, the process proceeds to the step 63, where the process 
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is ended. 
[0057] 

By repeating the passive independent operation detection 
process described above, an over frequency or an under frequency 
5 can be detected at any times with a detection level of ±2% . When 
the detection level of the frequency shift is set to 1/2 of the 
shift frequency, for example, when the frequency of the utility 
power system 10 is 50 Hz and the frequency shift amount is set 
to 1 Hz, a frequency shift is detected when the frequency is 
10 50.5 Hz or higher at the time when the frequency is increased. 
Also under the same conditions, a frequency shift is detected 
when the frequency is 4 9.5 Hz or lower at the time when the 
frequency is decreased. 
[0058] 

15 Fig. 4 is a flowchart illustrating active independent 
operation detection of the interconnecting power generation 
system according to the first embodiment of the present 
invention. The interconnecting power generation system starts 
active independent operation detection in the step 70. Then, 

20 the process proceeds to the step 71, where it is determined 
whether or not it is during the frequency shifting period. 
[0059] 

If the determined result is positive (YES) , the process 
proceeds to the step 74, where the internal PLL is advanced to 

25 increase the frequency. Then, the process proceeds to the step 
73, where the process is ended. If the determined result is 
negative (NO), the process proceeds to the step 72, where it 
is determined whether or not the frequency was increased (plus 
shift) in the previous frequency shifting operation. If the 

30 determined result is positive (YES) , the process proceeds to 
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the step 75, where the internal PLL is delayed to decrease the 
frequency. Then, the process proceeds to the step 73, where 
the process is ended. When the determined result is negative 
(NO) at the step 72, the process proceeds to the step 73, where 
5 the process is ended. 
[0060] 

The active independent operation detection process is 
repeated to shift the frequency at intervals of about 100 ms . 
The voltage waveform which appears in the AC power line 4 6 is 
10 monitored so that a power outage in the utility power system 
10 can be detected. 
[0061] 

Fig. 5 is a graph for illustrating the operation of an 
interconnecting power generation system according to a second 

15 embodiment of the present invention. In the interconnecting 
power generation system, when the control section 30 sends a 
shutoff command 78 to open the circuit breaker 22, the 
turbogenerator 32 decreases the supply of fuel and air to 
decrease the rotational speed 76 of the gas turbine 36 within 

20 30 seconds from the rated rotational speed to a low rotational 
speed in preparation for stopping it. 
[0062] 

The control section 30 sends a charging start command 79 for 
controlling the DC/DC converter 44 to charge the battery 38. 

25 While the gas turbine 36 is rotating at the decreased speed, 
the charging of the battery 38 is complete (80) within about 
15 minutes. Then, the control section 30 stops the supply of 
fuel and air to the gas turbine 36 to stop the combustion in 
the gas turbine 36. 

30 [0063] 
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Cooling of the auxiliaries and circulating oil is complete 
(81) about 10 minutes after the battery charging has been 
complete (80) , and the gas turbine 36 can be stopped completely. 
When the shutoff command 7 8 is outputted, the turbine exhaust 
5 temperature 77 is the rated value. Then the rotational speed 
of the gas turbine 36 decreases in response to the shutoff 
command 78 to increase the turbine exhaust temperature 77 , but 
the increased temperature is still within a permissible value. 
Then the combustion in the gas turbine 36 is stopped and the 
10 turbine exhaust temperature 77 gradually decreases and the 
cooling is complete (81) . 
[0064] 

Fig. 6 is a graph for illustrating the operation of an 
interconnecting power generation system according to a third 

15 embodiment of the present invention. The interconnecting 
power generation system sends a turbine deceleration command 
to the turbogenerator 32 when the control section 30 has 
detected a power outage (82) . The turbogenerator 32 decreases 
the supply of fuel and air to decelerate the gas turbine 36 to 

20 a lower rotational speed than its rated speed. 
[0065] 

The control section 30 sends a shutoff command 78 within about 
1 second after the power outage detection (82) to open the 
circuit breaker 22 isolating the interconnecting power 

25 generation system from the utility power system 10. Since the 
turbogenerator 32 is put into a no-load operating condition by 
the isolation, the rotational speed of the gas turbine 36 
increases to a trip level 84 as indicated by B. However, the 
rotational speed does not reach an overspeed 83, such as when 

30 the isolation is made when the gas turbine 36 is operating at 
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the rated speed as indicated by A because of lower rotational 

speed of the gas turbine 36. 

[0066] 

The turbogenerator 32 controls the supply of fuel and air to 
5 return the rotational speed of the gas turbine 36 from the trip 
level 84 to its rated speed. After the rotational speed of the 
gas turbine 36 has been returned to the rated speed, charging 
of the battery 38 is started (79) . The charging of the battery 
38 is complete in about 15 minutes (80) . 
10 [0067] 

In this embodiment, the turbogenerator 32 is operated for 
about another 20 minutes, during which the voltage of the AC 
power line 4 6 is monitored to detect power restoration of the 
utility power system 10. When the power outage continues for 
15 20 minutes or longer, the combustion in the gas turbine 36 is 
stopped (81) and the turbine speed is gradually decreased until 
the turbogenerator stops completely (81) . 
[0068] 

When power restoration of the utility power system 10 is 
20 detected after the charging of the battery 38 has been completed 
(80) as shown by the dot-dash line C, rated operation is 
continued and the interconnecting power generation system 1 and 
the utility power system 10 can be reconnected by synchronizing 
the frequency of output from the interconnecting power 
25 generation system 1 with that of the utility power system 10 
and closing the circuit breaker 22 . The reason why the gas 
turbine 36 is operated continuously is to prevent the gas 
turbine 36 from starting and stopping frequently. 
[0069] 

30 Thereby, the interconnecting power generation system can 
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avoid independent operation by detecting an abnormality in the 
utility power system 10 and can prevent damage to and 
deterioration of the turbogenerator 32. 
[0070] 

The interconnecting power generation system of the present 
invention is not limited by the above examples illustrated in 
the drawings, and it will be appreciated that variations and 
modifications may be made without departing from the spirit and 
scope of the present invention. 
[0071] 

As has been described above, according to the invention of 
Claims 1 to 6, there is provided an interconnecting power 
generation system which can detect an abnormality in the utility 
power supply and can be isolated from the utility power a system 
and can prevent damage to a turbogenerator. 



